The sowing time, along with increased plant density and the choice of the hybrid, are among the main factors to obtain higher grain yields in second-season maize. The objective was to evaluate the agronomic performance of maize hybrids grown in different plant populations and sowing times. The experimental design was in randomized blocks with subdivided plots and four replicates. The main plots consisted of four sowing times (Jan/20/2014, Feb/07/2014, Feb/28/2014, and Mar/14/2014, the subplots consisted of the hybrids (BRS 1010 and DKB 390 VT PRO2), and the sub-subplots consisted of the plant populations (45,000; 55,000; 65,000 and 75,000 plants ha -1 ). Regardless of plant population, the performance of hybrids BRS 1010 and DKB 390 VT PRO2 are similar regarding grain yield, plant height, and number of rows per ear. The development of maize was better in the sowings performed between Jan/20 and Feb/07, and very late sowings negatively affect yield. Among the hybrids studied, in a population ranging from 45,000 to 75,000 plants ha -1 there is a reduction in ear diameter and hundred-grain weight, although without affecting yield.
Introduction
The sowing of maize in Brazil occurs traditionally in two times, namely the 1 st and 2 nd crop ("safrinha"). The latter used to be considered a supplementary sowing to the income of producer however, this denomination should no longer be used, due to the good yields obtained in this period (Cherubin et al., 2014) . Moreover, second-season maize provides the agronomic benefits of crop rotation, such as the increase of straw over the soil, fundamental to the maintenance of the no-tillage system .
The cultivation of second-season maize occurs from January, in succession to the soybean crop. In this period, the maize crop is subject to strong limitations of solar radiation, among other adverse environmental conditions such as low rainfall (Van Roekel & Coulter, 2012) . According to agricultural zoning (MAPA, 2018) in non-irrigated second-season maize crops, the availability of water for farming varies according to the rainfall distribution of each region and the sowing time, determining factors for greater increases in crop yield.
Given such conditions, it is necessary to define the best sowing time to minimize losses and damage to the crop. The sowing time has a great influence on plant development, but the population density is also another important factor for establishing the maize crop, since small changes in the plant density imply relatively large changes in grain yield due to its low capacity to emit fertile tillers, monoic floral organization, and short flowering period (Silva et al., 2010a) .
According to Neto-Neto et al. (2013a) , the efficiency of interception of solar radiation and its conversion and partition in photoassimilates depend on the hybrid used and the management practices, mainly regarding the plant arrangement used.
Crop yield increases when the planting density is increased until reaching an optimum density, determined by the cultivar and climatic conditions. The ideal population for maize varies from 30 to 90 thousand plants ha -1 , depending on water availability, soil fertility, cultivar cycle, sowing time, and row spacing (Alves et al., 2013a) .
Several modern hybrids have had their leaf architecture modified by genetic breeding; they have more erect leaves, increasing the efficiency of the use of natural resources, especially solar radiation, which is lower in August (Galvão et al., 2014a) .
The use of high plant densities, associated with the use of hybrids with a compact architecture, may be an effective strategy to minimize the reduction in yield potential in second-season maize sowing (Alves et al., 2013b) .
Thus, the objective of this work was to evaluate the agronomic performance of second-season maize hybrids as a function of the sowing time and population density.
Material and methods
The study was conducted in the experimental field of Embrapa Agropecuária Oeste, in the municipality of Dourados, Mato Grosso do Sul, at coordinates 22°13' S, and 54°48' W, at an altitude of 408 m, in a tillage area. The soil was classified as dystroferric Red Latosol, with a very clayey texture . The soil chemical analysis at the 0-0.20 m layer showed the following results: pH (CaCl2) = 6.2; V = 79.3%; OM = 37.9 g kg -1 ; P = 57.3 mg dm -3 ; K = 1.0 cmolc-dm -3 ; Ca = 6.5 cmolc dm -3 ; Mg = 2.8 cmolc dm -3 ; and Al = 2.7 cmolc dm -3 .
The climate of Dourados, according to the Köppen classification, is type Am (tropical monsoon), with hot summers and dry winters, maximum temperatures observed in the months of December and January, and minimum temperatures between May and August, coinciding with excess rainfall in the springsummer period, and water deficit in the autumn-winter period (Santos & Silva, 2012) .
The rainfall and temperature data during the conduction of the experiment were obtained at the Embrapa Agropecuária Oeste Meteorological Station, located 300 m from the experimental area. The total rainfall in the experimental period was 688.6 mm ( Figure 1 ). The experimental design was in randomized blocks in a split-plot arrangement with four replicates. The main plots consisted of four sowing times (Jan/20/2014 , Feb/07/2014 , Feb/28/2014 , and Mar/14/2014 , the subplots consisted of the hybrids (BRS 1010 and DKB 390 VT PRO2), and the sub-subplots consisted of the plant populations (45,000; 55,000; 65,000 and 75,000 plants ha -1 ). The experimental units consisted of eight 6-m long rows, spaced 0.50 m apart, in four replicates.
The experimental area was managed under a no-tillage system, in crop succession, where second- Temperature season maize is grown alone and intercropped with Brachiaria ruziziensis in the autumn-winter period, and with soybean in the summer. The experiment was carried out in the agricultural year of 2013/14, using the maize hybrids BRS 1010 and DKB 390 VT PRO2. BRS 1010 is a simple hybrid that presents a wide adaptation in the Southeast and Center-West regions, in addition to an early cycle, good resistance to plant lodging and breaking, with upright leaf architecture and an orange semi-hard grain (Ferreira, 2012) . DKB 390 VT PRO2 is a simple, early-cycle hybrid that presents yellow-orangish semi-hard grain, with wide adaptation in the Southeast region, and good resistance to plant lodging and breaking as well (Carvalho et al., 2011) .
The seeds were treated with thiodicarb insecticide at a dose of 20 mL kg -1 seed, and sown by the Semeato® seeder-fertilizer set, model SHP 248, equipped with a front cutting disc, a furrowing shank for fertilizer distribution in the quantity of 235 kg ha -1 of the formula 10-25-15 of N, P2O5 and K2O, respectively, and double disk for seed positioning. Plant thinning was performed ten days after emergence, which occurred 7 days after sowing.
Weed control was performed by desiccating the pre-planting area at a dose of 1.44 L ha -1 of glyphosate acid equivalent. Post-emergence herbicide applications were performed using atrazine at the dose of 1.5 L ha -1 . Pests were controlled with the application of Thiamethoxam + Lambda-Cyhalothrin at the dose of 200 mL ha -1 , at 20 days after maize emergence.
At the tasseling stage (VT), when 50% of the plants presented receptive stigma, the total chlorophyll index of 5 plants in each experimental unit was measured using a FALKER ® chlorophyll meter, model CFL 1030. The readings were done as recommended by Neto-Neto et al. (2013b) , being performed on the first leaf below the ear at points located in the middle third of the sampled leaf, and at 2 cm from one of the leaf margins; the readings were done in the morning.
The morphological evaluations (plant height -PH, ear height -EH, and stem diameter -SD) of maize plants were carried out near the R2 stage, in 5 plants of each experimental unit. At the physiological maturation stage of maize -R6, plant counting and ear collection were performed in the two central rows of the subsubplot to analyze yield components.
The collected ears went through the procedures of counting, determination of length (EL), diameter (ED), weight (EW), number of rows per ear (NRE), and number of ears per plot (NEP). After wards, they were tracked, and the hundred-grain weight (HGW) was determined. After grain weighing, grain yield was determined, with moisture correction to 13%. In the evaluations of EL, ED, and EW, 5 ears with no straw from each experimental unit were evaluated, and the mean was obtained.
The data were submitted to analysis of variance by the F test (P<0.05). When significant, the hybrids and sowing times were submitted to the Tukey test (P<0.05), and the quantitative data (plant population) was submitted to regression analysis, in which the significance of the tested model was considered. All analyses were performed using the Sisvar software.
Results and discussion
The results of the analysis of variance revealed significant differences (p<0.01) for all the characters, except for number of rows per ear and number of ears per plot. This result shows that sowing times influence the performance of the evaluated characters (Table 1 and 2). There is a significant effect of hybrids for stem diameter, number of rows per ear, ear diameter, ear length, grain yield, and total chlorophyll, indicating the existence of a difference between the hybrids evaluated, mainly in relation to yield components. **, *, ns: Significant at 1%, significant at 5%, and not significant by the F test, respectively; CV: variation coefficient.
The significant effect for the interaction sowing times x hybrids (S x H) indicates, for such variables, that the average performances of the hybrids were not coincident in the different sowing times used. In this way, one must evaluate the unfolding of this interaction to identify the best sowing time for each hybrid.
For the source of variation "plant population" (P), there was a significant effect for most of the characters, however, no effect was observed for grain yield, agreeing with the results of Resende et al. (2003) , who stated that maize yield is not always affected by the plant population. The authors concluded that the best plant density to obtain higher maize grain yields depends on the agricultural year, and there may be no differences for yield at densities ranging from 55 to 90,000 plants ha -1 as a function of climatic conditions.
The interactions between plant population and the other factors were all not significant, except for EL and NEP in the triple interaction (S x H x P). When the triple interaction effect is significant, one approach would be to perform two analyses of variance separately, one for each level of the third factor, and to use the residue of the original three-way analysis of variance, in order to better explain the effects of the interaction, since a simultaneous analysis of the three factors is not feasible.
The coefficients of variation presented, for the most part, values lower than 10, indicating a good experimental precision. Both hybrids showed higher ear height in the first sowing time (January 20) compared to later sowings (Table 3) . In this way, it can be inferred that later sowings lead to smaller plant size and, consequently, lower ear insertion height. This result may be related to the lower rainfall occurring during later sowings, resulting in lower plant development (Figure 1 ). The reduction in plant and ear height, mainly for the hybrid BRS 1010 when sown lately, is in agreement with the results found by Silva et al. (2010b) ; the authors stated that, when comparing the different sowing times, the late ones present low mean values of plant height in relation to the cultivation in the normal season.
It is observed that the hybrids showed a certain alternation for plant and ear height according to each sowing times. This result corroborates the results obtained by Costa et al. (2017) when evaluating the performance of different maize cultivars and concluding that plant height was highly influenced both by the genetic constitution of the material and by climatic conditions, which provided the great variation observed in their studies.
Similarly, the highest values of ear diameter and number of rows per ear were also obtained at times where the highest development of plant and ear height was favored. Thus, the adaptation of the hybrids in each region depends mainly on the sowing time (Table 4) . For ear length, the first sowing time was characterized as the most favorable for the development of this character in both hybrids. When comparing the hybrids within each sowing times, it was observed that the hybrid DKB 390 presented, in general, higher averages, not differing, however, from BRS 1010 at later sowings (Table 5) . The highest grain yield was obtained by the hybrid BRS 1010, in the first sowing time. The lowest yield for the same hybrid occurred in the second sowing time. For the hybrid DKB 390, sowings performed at the beginning of February favor the best average performance. It can be observed that grain yield was higher in all periods to the average yield of the country, which is around 5,000 kg ha -1 (CONAB, 2017). According to Galvão et al. (2014b) , the yield potential to be obtained in each sowing time will depend mainly on the amount of solar radiation, the efficiency of interception and conversion of the intercepted radiation into phytomass, and the efficiency of partitioning assimilates to the structure of economic interest.
Thus, the choice of both the hybrid type and sowing time will determine the success or failure of the second season. It is worth noting that in a given region, the cultivar type, cycle, and disease tolerance will play a key role on this process, depending on the sowing time (Perin et al., 2009 ). In the region of Dourados, late sowings can lead to great risks due to the frequent frosts occurring in the region.
It was observed that the hundred-grain weight followed grain yield similarly in each environment. This result was expected, since the hundred-grain weight is one of the main yield components, as well as ear length, both having a positive correlation with grain yield, as reported by Entringer et al. (2014) .
As there was no significance for stem diameter and total chlorophyll in any of the interactions, the isolated interpretation of times, and later of hybrids was performed for these characters (Table 6 ). For stem diameter, the first and second season were the ones that provided the highest values. The stem diameter is an important character, because plants with larger diameters have greater resistance to lodging, thus allowing a better management and lower risk of harvest losses.
Regarding the evaluation of plant populations, it was observed that the linear regression coefficients (b1) were highly significant (P<0.01) for all the characters, except for ear height (P<0.05). The coefficients of quadratic (b2) and cubic (b3) regression were not significant for all the characters evaluated (Table 7) . Differently from that shown for plant height, which did not present significance for the source of variation, the ear insertion height increased linearly as a function of population increase (Figure 2A ), a result also obtained by Kappes et al. (2011a) , demonstrating greater internode elongation through the combined effect of intraspecific competition, especially in large populations. For ear diameter, it was observed a reduction as a function of increased plant populations, where for each 1,000 plants added to the population, there is a reduction of 0.0582 mm in this variable. According to the coefficient of determination, the selected regression model explains 94% of the variation of this character as a function of plant populations. Similar result were also obtained by Brachtvogel et al. (2009a) , where the authors attributed the results obtained to the effect of intraspecific competition on the ear. This is because, to the extent that plant density increases, less environmental resources are available for each plant, directly reflecting the ear size.
The increase from 45,000 to 75,000 plants ha -1 caused a linear decrease in stem diameter ( Figure 3A) , which is in agreement with Dourado Neto et al. (2003a) . These authors observed that the larger the population density, the smaller the stem diameter. Taiz & Zeiger (2010) explain that in large populations, plants allocate their resources for faster growth in order to avoid shading, increasing the possibility of growth above the canopy, but reducing the stem diameter and leaf area. It was observed that the increase in plant population provided a linear decrease in ear length. Therefore, it can be inferred that by promoting greater intraspecific competition among maize plants, there was a decrease in the size of certain structures thereof, such as ears. It should be emphasized that the results obtained in the present work are in agreement with those obtained by Brachtvogel et al. (2009b) and Kappes et al. (2011b) , which showed a progressive decrease in ear length as a function of the population increase. Nonetheless, Dourado Neto et al. (2003b) verified that in plant populations between 30,000 and 60,000 ha -1 , by reducing the spacing from 0.8 to 0.4 m, there was an increase in ear length for all genotypes evaluated. In contrast, for populations above 65,000 plants ha -1 , the authors did not observe this increase, which is probably due to intraspecific competition for water, nutrients, and light.
The hundred-grain weight is an important component in maize production, and this character presented similar performance to other yield components when affected by plant population ( Figure  4A ). However, this result contradicts Borrás et al. (2003) , who reported that this character is the production component less affected by variations in management practices.
This character showed a linear decrease as the plant population increased, demonstrating that the increase in the population changed the rate and duration of the grain-filling stage. The result obtained agrees with that observed by Strieder et al. (2007) , who evaluated two hybrids in the state of Rio Grande do Sul, in different plant populations and four row spacings. Kappes et al. (2011c) observed a reduction in the number of ears due to increased plant population, and the authors attributed this result to the fact that in low population densities, competition between plants for water, light, and nutrients is small, thus providing the plants with the resources needed to fill the grains in more than one ear per plant. Nonetheless, the results obtained in the present study differed from those reported by Silva et al. (2008) and Kappes et al. (2011d) .
Conclusions
For grain yield, plant height, and number of rows per ear, the performance of hybrids BRS 1010 and DKB 390 VT PRO2 coincide, regardless of the plant population.
The maize crop developed better in the sowings performed on Jan 20 and Feb 07, and late sowings negatively affect yield.
Among the hybrids studied in the population ranging from 45,000 to 75,000 plants ha -1 , there was a reduction in the ear diameter and hundred-grain weight, without affecting, however, the grain yield.
